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A B S T R A C T   
Mangroves are critical nursery habitats for fish and invertebrates, providing livelihoods for many coastal communities. Despite their importance, there is currently no 
estimate of the number of fishers engaged in mangrove associated fisheries, nor of the fishing intensity associated with mangroves at a global scale. We address these 
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gaps by developing a global model of mangrove associated fisher numbers and mangrove fishing intensity. To develop the model, we undertook a three-round Delphi 
process with mangrove fisheries experts to identify the key drivers of mangrove fishing intensity. We then developed a conceptual model of intensity of mangrove 
fishing using those factors identified both as being important and for which appropriate global data could be found or developed. These factors were non-urban 
population, distance to market, distance to mangroves and other fishing grounds, and storm events. By projecting this conceptual model using geospatial data-
sets, we were able to estimate the number and distribution of mangrove associated fishers and the intensity of fishing in mangroves. We estimate there are 4.1 million 
mangrove associated fishers globally, with the highest number of mangrove fishers found in Indonesia, India, Bangladesh, Myanmar, and Brazil. Mangrove fishing 
intensity was greatest throughout Asia, and to a lesser extent West and Central Africa, and Central and South America.   
1. Introduction 
Mangroves provide a suite of ecosystem functions and services such 
as coastal protection (Losada et al., 2018, Hochard et al., 2019), carbon 
sequestration (Donato et al., 2011), harvestable wood (Rasolofo, 1997), 
tourism (Spalding and Parrett, 2019) and fisheries (Carrasquilla-Henao 
and Juanes, 2017), yielding ecosystem service values of 25 US$ trillion 
annually (including tidal marshes; Costanza et al., 2014). Although loss 
rates have declined since the late 20th century (losses of 0.16–0.39% 
annually between 2000 and 2012, Hamilton and Casey, 2016), man-
groves are still being converted to other land-use types (Richards and 
Friess, 2016, Thomas et al., 2017). The decrease in mangrove loss is due 
in part to reduced deforestation rates, and in part to active restoration 
(Feller et al., 2017), with both facilitated by increased recognition of the 
vulnerability of mangroves and the enormous benefits they bring to 
people. Conservation planning, both with regards to protection and 
restoration, can be assisted by a clearer understanding of the spatial 
variability of the values derived from mangroves (Ferraro et al., 2015). 
The contribution of mangroves to off-shore commercial fisheries is 
likely large, but remains widely debated (Blaber, 2007, Meynecke et al., 
2007, Sheaves, 2017). By contrast, their contribution to near-shore 
fisheries, including bivalve, shrimp and crab fisheries, is well docu-
mented (Manson et al., 2005, Diele et al., 2010, Crow and Carney, 2013, 
Beitl, 2014). These near-shore fisheries include within-mangrove, and 
mangrove-adjacent fisheries that are typically subsistence, artisanal and 
small-scale commercially (Hutchison et al., 2015). The definition of 
small-scale fisheries varies from region to region (Smith and Basurto, 
2019) and from country to country (Teh and Pauly, 2018). For the 
purpose of this study, we follow the definition of small-scale fishing from 
Teh and Sumaila (2011): “(i) primarily geared toward household con-
sumption, sale at the local level, or export in the case of high value 
species; (ii) usually at low level (primary and secondary) of economic 
activity; (iii) for fulfilling cultural or ceremonial purposes; (iv) 
non-mechanized, or involve low technology and low capital investment; 
(v) undertaken by the fisher and/or family members only; (vi) con-
ducted within inshore areas; and (vii) minimally managed”. 
The local importance of mangrove fisheries is well documented from 
diverse locations (e.g. India; Mexico; globally; Dahdouh-Guebas et al., 
2006, Aburto-Oropeza et al., 2008, Carrasquilla-Henao and Juanes, 
2017), and is likely to be particularly important in less economically 
developed countries (Aye et al., 2019). Indeed, a number of nations 
which are both highly reliant on fish as a source of protein and most 
vulnerable to micronutrient malnutrition (Golden et al., 2016), have 
significant mangrove extents (e.g. Cameroon, Guinea, Nigeria, 
Bangladesh, Indonesia) and large numbers of small-scale fishers (Teh 
and Sumaila, 2011). Unfortunately, despite these observations, and in 
the face of ongoing mangrove loss and the increasing risk of overfishing 
(Reis-Filho et al., 2018), there have been no large-scale efforts to 
quantify the intensity or number of small-scale mangrove associated 
fishers. 
There is a growing understanding of the drivers of fisher behaviour 
and fishing intensity in tropical regions at local or species-specific scales 
(Muallil et al., 2013, Beitl, 2014, Duarte et al., 2014, Dacks et al., 2018). 
While there have been some efforts to map small-scale fisheries locally in 
the tropics (e.g. Leopold et al., 2014), efforts to understand the 
larger-scale spatial distribution of fishing intensity of small-scale 
fisheries is largely confined to temperate climates (Kavadas et al., 2015; 
Sini et al., 2019). The development of a comprehensive, quantitative 
understanding of the spatial variability in mangrove use by fishers could 
provide a critical tool for improving mangrove management and in 
securing or enhancing the livelihood benefits from their use. Models, 
maps and data from such work could greatly enhance both policy 
development and management interventions. Simultaneously, such in-
formation would provide a robust science base for communication and 
outreach regarding the importance of mangroves, generating better 
understanding at scales from local to global. It would also help stimulate 
sustained or improved conservation of mangrove ecosystem resources 
(Friess et al., 2020). 
In this work we present the first global estimate of the number of 
small-scale mangrove associated fishers. In addition, we identified those 
mangrove areas where intensity of small-scale fishing is greatest. To 
develop our estimates, we used expert-driven elicitation to identify the 
key drivers of mangrove fishing intensity. These key drivers were then 
used to develop a conceptual model and map the spatial distribution of 
mangrove fishing intensity across 109 countries and territories. 
2. Methods 
Drivers of small-scale fisheries in mangrove habitats were identified 
through a three-round Delphi process with feedback provided at the end 
of each round. The expert-based, anonymous and iterative Delphi 
technique is well-suited to address complex issues and to address data 
gaps (Graefe and Armstrong, 2011; Mukherjee et al., 2015). This is 
pertinent given that mangroves are present in more than 100 countries 
(Spalding et al., 2010; Bunting et al., 2018) and vary in terms of 
geomorphic and sedimentary setting, and species assemblages. Given 
this diversity, it is to be expected that expert experiences across the 
global mangrove distribution may be varied. Delphi techniques are 
particularly powerful in gathering consensus compared to other quali-
tative techniques such as surveys, interviews or questionnaires 
(Mukherjee et al., 2018). The Delphi technique comprises two or more 
rounds of structured online surveys, each followed by an analysis of the 
responses and anonymous feedback to the participants (Mukherjee et al., 
2015). Participants are offered the option to revise their initial estimates 
based on feedback from the group or defend their positions if their views 
are significantly different from the other respondents (Lemieux and 
Scott, 2011). 
2.1. Selecting participants 
Expert participants were selected via an open call for collaborators at 
the Mangrove & Macrobenthos Meeting in St. Augustine, Florida 
(MMM4, 18th-22nd July 2016), and through an independent literature 
search in Web of Science undertaken in August 2016. To identify liter-
ature, we used the search terms “mangrove” and “fisheries” and the date 
range 1972–2016. All identified papers were examined to determine 
whether the research pertained to mangrove fisheries, as opposed to fish 
ecology. Studies using only national level datasets were also excluded, as 
we were seeking information on the finer-scale drivers of mangrove 
fisheries. All authors with one or more relevant publications, or identi-
fied through MMM4 were contacted by e-mail, provided with an over-
view of the project and the Delphi process. A total of 38 experts were 
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identified and contacted and 17 experts participated in all rounds of the 
Delphi process. Participants were unaware of each other’s identities 
during the Delphi process and all participants who completed the third 
round were invited as co-authors on this paper. The Delphi was under-
taken between October 2016 and March 2017. Ethics clearance was 
obtained from the University of Cambridge before the survey was 
launched. 
2.2. The Delphi process 
In the first round of the Delphi, we used an open ended survey. Ex-
perts were asked to provide a ranked list of the twenty most important 
factors determining the volume of fish and invertebrate catch (Fig. 1a), 
excluding the ecological functions that determine fish and invertebrate 
density in mangroves (i.e. only factors determining fishing intensity). 
These responses were collated such that similar suggestions were 
grouped into a single factor, and factors that primarily influence the 
density of fish in mangrove areas were removed. Furthermore, factors 
relating to changing trends over time, such as climate change, were also 
excluded, as the scope of the work was to identify drivers of recent 
fishing intensity. A total of 46 factors were identified by the experts as 
affecting fishing intensity in mangrove fisheries (SOM1). These were 
shared with the experts and all were offered the opportunity to reflect 
and return comments on the list before the second round (Fig. 1a). 
In the second round of the Delphi, experts were asked to identify 
which type of mangrove fisheries they were most familiar with, and 
were requested to score the factors in relation to that fishery type 
(Fig. 1d). The fisheries types were in-mangrove fisheries, near-shore 
artisanal/subsistence fisheries, near-shore commercial fisheries of 
mangrove associated species and off-shore commercial fisheries of 
mangrove associated species. Experts were asked whether the majority 
of factors of importance in determining mangrove fishing intensity in 
the fishery type they identified were also relevant in other fishery types, 
and if so, which fishery types. They were then asked to score the 
importance of each factor (1  not important to 5  extremely impor-
tant), as well as their certainty in their assessment (1  no idea to 5 
certain). We also solicited information regarding their opinions on the 
broader applicability of the factors they considered beyond their area of 
direct experience. The intention being to only include factors of global 
relevance to most mangrove fisheries species in the final model. Experts 
were therefore also asked to score the spatial scale of the relevance of the 
factors as either subnational, national, regional or universal, as well as 
the generality of the factors; i.e. whether the factors determine fishing 
intensity on all species, all species within a given type of fishery, or only 
to specific species or species groups. 
After each round a summary report of responses was collated. The 
report outlined the frequency of each response for each question. Ex-
perts were asked to review all factors achieving consensus as being 
important (scored 4 or 5 with more than 70% of votes) and confirm that 
they agreed that these factors should be considered in the conceptual 
model. These factors were then not considered further in round 3 of the 
Delphi. Experts were also asked to confirm that they agreed with factors 
on which the consensus threshold (70%) was passed for low importance 
(scored 1 or 2) being removed from further consideration (Fig. 1b). The 
consensus threshold on spatial scale and relevance across fishery types 
was set at 50%, but only applied to the categories “universal” (i.e. 
globally relevant) and “universally relevant” across all fisheries species. 
Factors where a consensus was not reached were taken forward to round 
3. 
Following the second round, one additional factor, ‘distance to port’, 
Fig. 1. The stages of the Delphi process a) Round 1, experts were asked to identify and rank the twenty most important factors determining the volume of fish and 
invertebrate catch which resulted in a pool of 46 factors, b) Round 2, experts were asked to rank the importance (1  not important to 5  extremely important) of 
the identified 46 factors. Those factors for which >70% of respondents scored the factor 4 or 5 were retained for the model (light grey shaded area). Factors where 
>70% of respondents scored the factor 1 or 2 were removed from consideration (dark grey shaded area). The figure shows the median importance versus the 
maximum percentage consensus for scores combined into three bins (1–2, 3, 4–5), c) Round 3, experts were then asked to re-score the remaining factors, with factors 
retained for the model or removed based on the same criteria as in round 2 and d) experts were also asked to identify the type of fishery they were most familiar with. 
The fishery types were in-mangrove fisheries (crab icon), near-shore artisanal/subsistence fisheries (person throwing a net icon) or commercial fisheries (trawler 
icon) either near shore or off-shore (relative to dashed line). Mangrove extent (coloured green) from Bunting et al. (2018). (For interpretation of the references to 
colour in this figure legend, the reader is referred to the Web version of this article.) 
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was introduced at the request of an expert. In the third round, experts 
were asked to re-score the remaining factors for the same questions 
(Fig. 1c). In addition, one factor “capture technique” which had met the 
thresholds for importance and consensus in round two was rescored as 
there was some confusion regarding the definition of “capture tech-
nique” relative to “fishing gear quality and type”. Following consulta-
tion with the experts it was established that there was overlap between 
these categories, with capture technique defined as gear and method of 
deployment, whereas fishing gear quality and type related to gear type 
and maintenance. Further clarification on assessing the spatial scale at 
which factors were relevant was also provided; experts were asked to 
ensure that they were scoring the largest scale at which they believe the 
factor to be relevant. Where factors are universally relevant, their exact 
value may still vary spatially at a finer scale, e.g. population density 
varies along the coast, but may be important at larger scales than those 
over which it varies. A response of “regionally important” implied that 
the factor is important within a region, but would have no influence on 
mangrove fishing intensity in other regions. Factors which failed to 
reach the consensus threshold after round 3 were not taken forward for 
consideration in the conceptual model. 
2.3. Building the conceptual model of mangrove fishing intensity 
All the factors identified during the Delphi process that achieved 
consensus on the determinants of mangrove fishing intensity were 
reviewed. If these factors also achieved consensus as acting at a uni-
versal scale, they were considered for inclusion in the conceptual model 
of global mangrove fishing intensity (Table 1). Experts participating in 
the Delphi identified that their responses were only relevant to near-
shore and in-mangrove fisheries. To translate this conceptual model into 
a map of mangrove fishing intensity, the availability of globally 
consistent geospatial data layers that could map and quantify each factor 
was evaluated. Where direct metrics for a factor were not available, the 
potential to develop proxy metrics was also considered. Of the initial 16 
factors (Table 1), only four were identified as having data suitable for 
use in the development of a map of mangrove fishing intensity. These 
were: number of mangrove fishers, local non-urban population, acces-
sibility to markets, and catchability as a result of weather. For these, 
mapping was performed at a resolution of 1 km2. National per capita fish 
consumption was not included despite being identified by the experts, as 
subsequent research identified that this statistic at a national level may 
not represent reliance on fish in coastal communities (Taylor et al., 
2019). The Delphi process did not provide insight into the shape of the 
relationship between factors and fishing intensity and therefore con-
ceptual models were developed following a thorough review of the 
literature. 
It was assumed that small-scale fishers (SSF) are distributed pro-
portionally with the local non-urban population (Stewart et al., 2010; 
Burke et al., 2011). The number of SSF was determined on a 
country-level from the available literature, principally Teh and Sumaila 
(2011) (SOM 2). However, as identified by the Delphi process, as well as 
other studies (e.g. Teh et al., 2013), there is not a single ratio of popu-
lation to fishers that can be applied across a whole coastline as, for 
example, access to markets can drive up demand (Hamidu, 2012; FAO, 
2014). There are, to our knowledge, no studies detailing the likely 
impact of markets on the number of artisanal and subsistence fishers. It 
is, however, well described that fish traders will purchase within a given 
range of a trading market, for example in the Philippines traders pur-
chased their fish supply within 4–55 km of the trading market (Olalo, 
2001). As access to ice or refrigeration is likely to be limited for many 
SFF throughout many of the mangrove areas we were seeking to char-
acterise, we conservatively adopted a “market effect”, by doubling the 
number of fishers per capita for all areas within 3 h travel time of cities 
with >50,000 people. 
The number of SSF represent all coastal fishers, however, these in-
dividuals have access to a range of fishing opportunities across different 
habitats. Therefore, we partitioned fishers between the three major 
fishing habitats for which global datasets exist: shallow shelf areas, coral 
reefs and mangroves. In attributing a fisher to a particular habitat, it is 
important to first understand the accessibility of that habitat to the 
fisher. It is well established that travel time is a factor determining usage 
and that fishers spend more time fishing closer to their landing sites 
(Cabrera and Defeo, 2001; Gbigbi and Taiwo, 2014). 
The exact relationship between distance and fishing effort is poorly 
characterised, but Chollett et al. (2014) represent a rare attempt to 
generalize a distance-fishing effort relationship for SSF. In order to 
assess whether the relationship given in Chollett et al. (2014) could be 
applied to mangrove SSF, we undertook a literature review and also 
examined the frequency distribution of reported distance from fishing 
ground to landing site in landings data for 2014 from Cananeia, Iguape, 
and Ilha Comprida, located in the Southern coast of S~ao Paulo State in 
Brazil, collected by the Fishing Institute of S~ao Paulo (Jocemar Toma-
sino Mendonça, unpublished data). This allowed us to assess the appli-
cability of the model in Chollett et al. (2014) over a wide range of 
geographies (14 countries) and in Brazilian mangroves specifically 
(Jocemar Tomasino Mendonça, unpublished data; see SOM 3). We found 
the mathematical relationship described in Chollet et al. (2014) to be a 
reasonable reflection of the fishing effort we were seeking to model. We 
therefore applied equation (1) as presented in Chollett et al. (2014), 
normalised to a maximum distance of 45 km, such that respectively 
30.5% of fishers were deemed to fish 0–5 km, 45.5% 5–15 km, 19% 
15–25 km, and 5% 25–45 km from their location on the coast. 
Ex e
 

x
18:13
2
(1) 
We then determined the area of shallow shelf, coral reef and 
mangrove within 0–5 km, 5–15 km, 15–25 km and 25–45 km of each 
population grid and assigned “fishers” within each distance category to 
each habitat with the following ratios 10:10:1 coral reef:mangrove: 
shallow shelf. We were unable to find any empirical data to determine 
the relative time spent by fishers on shallow shelf as opposed to in 
mangroves or on coral reefs, however, it is well established that fishers 
deliberately target structured habitats (e.g. mangroves or coral reef) as 
fishing grounds (de la Torre-Castro et al., 2014) and therefore spend a 
disproportionate amount of time there. The practice of including but 
downweighting shallow shelf to model distribution of fishers is well 
established in determining coral reef fishing pressure (Burke et al., 
Table 1 
Factors identified with consensus to be universally important in determining 
fishing intensity in mangroves, applicable globally, and across most fisheries 
species.  
Theme Factor of high importance in determining fishing intensity in 
mangroves 
Population -Number of fishers (or vessels) 
-Local non-urban population 
Culture -National fish consumption per capita 
-Consumer demand (e.g. seasonality and cultural preference) 
Markets -Accessibility of market (e.g. presence of intermediaries and social 
networks to trade beyond local) 
-Price received by fisher for catch 
Individuals -Fisher experience (years) 
-Fishing gear quality and type 
-Capture technique 
-Degree of local resource dependence (alternative livelihood options) 
Management -Mangrove protected status 
-Existence of, and compliance to, fisheries management 
-Management (open access vs. community concession)/access to 
productive grounds) 
-Existence of some form of tenure 
Catchability -Catchability as a result of the animal’s behaviour 
-Catchability as a result of natural environmental factors  
(tides, weather, disease)  
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2011). At this stage, the estimated number of mangrove fishers could be 
calculated per country. 
The final factor identified for the conceptual model of mangrove 
fishing intensity in the Delphi, was the impact of storms on frequency of 
fishing trips. In contrast to commercial vessels, artisanal fishing boats, 
typically of short boat lengths, are vulnerable to the impact of swell 
waves in open waters. For example, by one estimate, waves of 30–60% 
of a boat length can capsize the boat, and these ranges of wave heights 
usually occur in many areas globally for typical lengths of fishing boats 
(Tredup, 2011). To account for this, we applied a storm index that 
identifies the duration of stormy conditions along all mangrove areas. 
The storm index was derived from the Global Ocean Waves (GOW) 
database (Reguero et al., 2012). For the years 1948–2008, we calculated 
the duration of each storm that exceeded 2 m in significant wave height, 
and calculated the average percentage of time per year that conditions 
exceed this threshold. The final estimate of mangrove fishing intensity 
accounted for the number of fishers at each location, down-weighted by 
reduced fishing activity in proportion to the duration of storms limiting 
fishing activity. The number of fisher days per km2 of mangrove per year 
was determined by assuming fishers spend 60% of days fishing on 
average. Estimates in the literature for the number of days fished/year in 
coastal fisheries varies between 150 and 264 (Squires et al., 1998; Bel-
habib et al., 2013). Our estimate of 219 days per year is within that 
range of values. The response of fishers to storm events is poorly un-
derstood and likely varies with access to information and fishery type 
(Sainsbury et al., 2018). As fishers would be unable to fish during 
storms, especially in small artisanal fishing boats, we applied a correc-
tion for each day with >2 m wave height as an initial estimate. These 
results provide the first global estimate of navigation conditions for 
artisanal fishing boats that account for storm wave conditions. To ac-
count for fishers altering their fishing practice or location in response to 
bad weather, as opposed to ceasing to fish (Allison and Ellis, 2001), we 
included storm days at a rate of 0.75 lost per storm day. The final 
resulting mangrove fishing intensity model therefore has the unit, fisher 
days km  2 year  1. See SOM 4 for a detailed account of the application of 
the model in ArcGIS. 
3. Results 
3.1. Delphi participants 
A total of 17 experts completed all rounds of the Delphi process to 
identify the most important drivers of mangrove fishing intensity. The 
participating experts represented experience of mangrove fisheries from 
18 countries across all the major mangrove regions of the world (S. 
America, Central America, N. America, E. Africa, S.E. Asia, Australia), 
with the exception of West Africa. On average, participants had 13 years 
experience in both mangrove related and fisheries related research. 
Sixteen of the 17 participants identified fisheries catch or fisheries 
management as their primary area of expertise, with the remaining in-
dividual identifying primarily with fish habitat management. Half of the 
experts identified as being most familiar with in-mangrove fisheries, 
while a quarter of experts identified near-shore commercial and near- 
shore artisanal fisheries respectively. None of the experts were most 
familiar with off-shore commercial fisheries of mangrove associated 
species. 
3.2. Factors identified through the Delphi process 
Fourteen out of seventeen respondents thought that the majority of 
factors that were important in the fishery type they were most familiar 
with were also relevant across other fishery types. Applicability across 
type was particularly consistent for in-mangrove fisheries (93% of the 14 
respondents) and near-shore artisanal/subsistence fisheries (93%), less 
so for near-shore commercial fisheries of mangrove associated species 
(79%) and low for off-shore commercial fisheries of mangrove 
associated species (21%). Given that none of the experts identified off- 
shore commercial fisheries as the fishery type for which they submit-
ted responses, the following results should be viewed as applying to 
near-shore and in-mangrove fisheries only. 
Round 1 (R1) of the Delphi identified eleven factors for which there 
was consensus that the factor was important. No factors achieved 
consensus as being unimportant and all remaining factors were therefore 
taken forward to Round 2 (R2). There was a strong positive correlation 
between the median score for each factor and the maximum consensus 
percentage (consensus calculated for three bins, score of 1–2, score of 3, 
score of 4–5) r  0.79, t44  8.67, p < 0.0001 (Fig. 1b). Experts had 
certainty (50% consensus of scores of 4 or 5) in their scores for all 
factors. For six factors, consensus was reached that they were relevant at 
universal spatial scales, whereas there was no consensus on all 
remaining variables. There was consensus (50%) that 32 of the factors 
were generalisable across all species, with one factor (recreational 
fishing effort) thought to be specific to certain species or species groups 
only. There was no consensus on the generality for the remaining 13 
factors. 
Round 2 of the Delphi identified six (including a rescore of “capture 
technique” from R1) factors for which there was consensus that the 
factor was important. No factors were identified as being unimportant. 
Again, there was a strong positive correlation between the median score 
for each factor and the maximum consensus percentage (consensus 
calculated for three bins, score of 1–2, score of 3, score of 4–5) r  0.61, 
t35  4.59, p < 0.0001 (Fig. 1b). There was certainty (50% consensus 
of scores of 4 or 5) across the experts for 36 out of the 37 remaining 
factors, including the six that were identified as important. Most of the 
factors were relevant at regional or universal spatial scales (n  25), 
whereas seven were deemed relevant at national or subnational scales, 
with three factors equally relevant across the two scales. There was 
consensus (50%) that six of the remaining 14 factors (13 from R1 plus 
on new factor) were generalisable across all species, with five factors 
thought to be specific to certain species or species groups. There was no 
consensus of the generality for the remaining three factors. 
Overall, there was consensus on sixteen factors as being important in 
determining fishing intensity in mangroves, and as being globally rele-
vant. These factors could be grouped into six broader themes: popula-
tion, culture, markets, individuals, management and catchability 
(Table 1). 
3.3. Global map of mangrove fishing intensity 
Our global model estimates the number of small scale mangrove 
fishers participating in in-mangrove, near-shore subsistence and arti-
sanal and near-shore commercial fisheries is 4.1 million across 109 
countries and territories. An average of 38% of SSF in the 109 countries 
and territories for which we derived estimates were mangrove fishers. 
The largest number of mangrove fishers were found in Indonesia, India, 
Bangladesh, Myanmar and Brazil (Fig. 2a, b, c; Table 2), while the 
countries with the greatest percentage of SSF fishing in mangroves were 
all in West and Central Africa; Guinea-Bissau (96%), Guinea (95%), 
Nigeria (89%), Gabon (87%), Sierra Leone (87%), (Fig. 2d; see SOM 2 
for results from all countries). 
Mangrove fishing intensity showed high variability (Fig. 3), lower 
fishing intensity 0–100 fisher days km  2 year  1 or 100–500 fisher days 
km  2 year  1 was predicted for 29.4% and 25.4% of the global mangrove 
extent, respectively. Moderate mangrove fishing intensity (500–1500 
and 1500–5000 fisher days km  2 year  1) was predicted across 21.1% 
and 16.5% of the global mangrove extent, respectively. The areas of 
highest mangrove fishing intensity (5000–10,000 and > 10,000 fisher 
days km  2 year  1) covered 4.5% and 2.9% of the global mangrove 
extent, respectively. Regionally, mangrove fishing intensity was greatest 
throughout Asia, and to a lesser extent in West and Central Africa, and 
Central and South America (Table 3). At the national level in countries 
with 10 km2 of mangrove extent Ghana (8 thousand fisher days km  2 
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year  1) India (5 thousand fisher days km  2 year  1), Vietnam (5 thou-
sand fisher days km  2 year  1), Sri Lanka and China (4 thousand fisher 
days km  2 year  1) had the highest predicted median mangrove fishing 
intensity. 
Hotspots of fishing intensity also included the Cuanza River, Angola 
with a median of 40 thousand fisher days km  2 year  1, the southern 
coastline of Madura Island, Indonesia (30 thousand fisher days km  2 
year  1), the Citanduy River, Indonesia (25 thousand fisher days km  2 
year  1), and the Kalubhar River, India (25 thousand fisher days km  2 
year  1), as well as multiple other areas along the coast of Indonesia and 
estuaries and deltas in India (Fig. 3a, >10,000 fisher days km  2 year  1). 
Outside the mangroves of southern and southeast Asia, and west and 
central Africa, high fishing intensity was predicted for multiple 
mangrove patches around the coast of Brazil (>5000 fisher days km  2 
year  1), and the Yingzai River, China (9 thousand fisher days km  2 
year  1). 
4. Discussion 
Mangrove forests provide many benefits - or ecosystem services - to 
coastal communities (Barbier et al., 2011; Brander et al., 2012; 
Himes-Cornell et al., 2018), including supporting fisheries which pro-
vide livelihoods and a source of protein (Carrasquilla-Henao and Juanes, 
2017). Despite this obvious benefit there have been no large-scale efforts 
to quantify the number of fishers utilizing mangrove habitats or the 
spatial variability in mangrove fishing intensity. A greater understand-
ing of the fisheries supported by mangroves could stimulate improved 
fisheries management and mangrove rehabilitation. Our analysis 
Fig. 2. National usage of mangroves fishers, a) number of mangrove fishers with insets showing b) the Caribbean and c) Southeast Asia and d) percentage of a 
country’s coastal small-scale fishers using mangrove habitats. 
Table 2 
Number of mangrove fishers (rounded to the nearest 1000), percentage of small- 
scale fishers fishing part or full time in or near mangroves, in the ten countries 
with the greatest number of mangrove fishers globally.  
Country Mangrove fishers % SFF who are mangrove fishers 
Indonesia 893,000 39 
India 570,000 38 
Bangladesh 286,000 82 
Myanmar 286,000 69 
Brazil 278,000 53 
Vietnam 240,000 44 
Mexico 208,000 73 
Nigeria 150,000 89 
Thailand 127,000 55 
Philippines 118,000 41  
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presents a global estimate of mangrove fisher numbers and the spatial 
distribution of fishing intensity in mangroves, including highlighting the 
countries and locations where mangroves support large numbers of 
fishers or provide a high proportion of the small-scale fishery 
opportunities. 
4.1. Key drivers of mangrove fishing intensity 
The list of 16 factors identified by the experts as important globally 
in determining fishing intensity in mangroves provides a useful frame-
work for downscaling the mapping approach, or when seeking to un-
derstand drivers of fishing intensity in mangrove areas on a smaller 
scale. Given the diversity of mangrove geomorphic settings (Thom, 
1984; Woodroffe et al., 2016), accessibility and species richness 
(Spalding et al., 2010) around the world, as well as the diversity in 
human culture, it is striking that the expert panel were able to identify 
commonalities across mangrove areas. It should be noted that while we 
interpreted accessibility to markets as transport time within our own 
modelling effort, experts identified accessibility to markets as access to 
intermediaries. It is known that intermediaries visit remote sites less 
frequently Mapunda (1983), and at a global scale the experts agreed that 
areas closer to markets were more likely to have a greater number and 
diversity of intermediaries. Time to market was therefore deemed to be 
an appropriate proxy on a large scale. If downscaling the approach, or 
Fig. 3. Global map of small scale fishing intensity (fisher days km  2 year  1) within mangrove ecosystems, a) maximum fishing intensity within 1 cells, high 
intensity areas (resolution km2) in b) Guinea-Bissau, c) the Sundarbans of Indian and Bangladesh and coast of Myanmar, d) deltaic coast of Brazil, and e) the coast of 
Vietnam and China. 
Table 3 
Median mangrove fishing intensity across mangrove regions identified in 
Spalding et al. (2010)  
Region Median mangrove fishing intensity (fisher 
days km  2 year  1) 
East Asia 4140 
South Asia 3572 
West and Central Africa 941 
South East Asia 777 
South America 398 
East and Southern Africa 268 
North and Central America and the 
Caribbean 
154 
Middle East 90 
Pacific Islands 75 
Australia and New Zealand <1  
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seeking to understand fishing intensity at a given location, more 
emphasis should be given to the presence of intermediaries and social 
networks. 
Experts also placed a strong emphasis on management of mangrove 
areas. Overfishing in mangrove areas is a documented threat in many 
fisheries and locations (Hamidu, 2012; Reis-Filho et al., 2018). 
Conversely, there are also examples of successful sustainable resource 
management at a local level where communities are empowered and 
able to enforce management (Diele et al., 2010; Beitl, 2011). Such 
informal management structures are rarely reported and it is therefore 
difficult to collate such information at larger scales, whereas national or 
state-level management structures may be documented, but are often 
poorly enforced (Beitl, 2011; Scharer-Umpierre et al., 2014). As such, 
accounting for management at a large scale is currently challenging, and 
there is a pressing need to better document resource management 
practices across the whole spectrum of management options, as well as 
their effectiveness. 
Through this work we have been able to define some of the broad 
commonalities that drive fishing intensity in mangroves globally. From 
this we have developed a model of mangrove fishing intensity, which 
represents a step forward from previous unitless models of global fishing 
intensity in mangroves. As such, this model represents the first attempt 
to develop a quantitative map of mangrove fishing intensity at a global- 
scale. However, a number of caveats should be considered when 
applying our results. Only a limited subset of the identified key drivers 
were mappable, and so the outputs are likely to be indicative, and only 
at broader scales. This is unsurprising given the key drivers were largely 
socio-economic in nature, variables which are challenging to produce 
from global scale remotely sensed data (Elvidge et al., 2009). Contrib-
uting experts did not have experience in West or Central Africa. While 
there is no reason to expect the underlying drivers, in particular the four 
we were able to include in the model, to differ with regards to their 
relative importance elsewhere in the world, the approach or down-
scaling of it should nevertheless be applied with caution in these regions. 
Furthermore, while we included the presence and abundance of shallow 
shelf and coral reef habitats in distributing fishing intensity in coastal 
waters, we were unable to include other targeted structured habitats, 
such as rocky reefs and seagrasses, which are similarly important fishing 
habitats (Zellmer et al., 2018; Janes et al., 2020), due to a lack of in-
formation on their global distribution. This may result in over estimates 
of mangrove fishing intensity in areas where these habitats are abun-
dant. The application of global datasets, such as the GOW dataset to 
account for the impact of storms also necessarily simplifies the impact on 
smaller scales. Fishers in areas where mangroves are sheltered in la-
goons, or fishers who access the mangrove on foot in sheltered areas may 
not modify their behaviour in response to storm waves as we have 
modelled on a global scale. Finally, our numbers also only focus on 
near-shore fishers, excluding offshore fisheries for species such as 
prawns, which are enhanced by the presence of mangroves (Manson 
et al., 2005; Anneboina and Kavi Kumar, 2017; Jamizan and Chong, 
2017). At the same time, the underlying model provides the opportunity 
for further development and refinement in future work. 
4.2. Estimate of mangrove associated fisher numbers 
We estimate that there are approximately 4.1 million mangrove 
associated fishers globally. Unsurprisingly, several of the countries with 
the largest number of mangrove fishers (Fig. 2), are also those countries 
that have the largest mangrove extents e.g. Indonesia, Brazil and 
Bangladesh. Despite this relationship, interesting anomalies are 
apparent. For instance, India is ranked tenth in terms of national 
mangrove area (Bunting et al., 2018), but Indian mangroves support the 
second largest number of small-scale fishers, with high fishing intensity 
predicted for many estuaries and deltas along the Indian coast (Fig. 3). 
Conversely, Australia despite its large mangrove estate was ranked 28th 
in number of mangrove fishers. Outside the southeast coastline, 
Australia has very low coastal population densities and also a relatively 
wealthy population, both of which would likely contribute to these low 
numbers. Interestingly recreational fishing in mangroves is both popular 
and most likely represents a high value use in Australia, but is not 
covered by this model. 
4.3. Fishing intensity 
Fishing intensity on mangroves is highly spatially variable (Fig. 3). 
The nations and areas identified as having the highest fishing intensity 
were located in West and Central Africa, and South Asia and, South and 
Central America, where subsistence and artisanal fishing is a major 
livelihood, and it is well established that mangroves play a significant 
role in coastal livelihoods (Anneboina and Kavi Kumar, 2017; Hoque 
Mozumder et al., 2018; Sarathchandra et al., 2018; Aye et al., 2019). 
Although not considered in this model, fishing intensity may also vary 
temporally, given the seasonality of some species movements (Chavez 
et al., 2003; ~Niquen and Bouchon, 2004) and that seasonality shapes the 
decisions fishers make about what species to target and when to move on 
(Aswani, 1998; Daw et al., 2012; Pellowe and Leslie, 2017). 
The model appears to work well at the large scale, with many 
countries where mangroves are recognised as important to fisheries 
having high mangrove fishing intensities (Table 2). There are, however, 
instances where the fact that we were able to include only four of the 
identified 16 drivers of fishing intensity in and near mangroves may 
have resulted in over or under estimates. For example, Cuba has a high 
modelled mangrove fishing intensity with 45% of SSF estimated to be 
mangrove fishers (SOM2), yet mangrove extent for the country is 
considerably less than then the estimated >23,700 km2 of seagrass 
habitat present on the Cuban Shelf (Bunting et al., 2018; Martí-
nez-Daranas and Suarez, 2018 ). In this case, the global model is likely to 
have resulted in an overestimate of fishing intensity in Cuba, as it was 
unable to account for seagrass habitat extent. 
5. Conclusion 
Small-scale fisheries are not only an important contributor to the 
national economies of many developing nations (e.g. Zeller et al., 2006; 
FAO, 2015), but are also a critical source of food and employment in 
many parts of the world where there are few alternative livelihoods (Teh 
and Sumaila, 2011; Teh et al., 2013). The role of mangroves in sup-
porting small-scale fisheries is locally well evidenced (Dahdouh-Guebas 
et al., 2006; Aburto-Oropeza et al., 2008; Serafy et al., 2015; Carra-
squilla-Henao et al., 2019), but efforts to understand the spatial distri-
bution of mangrove fishing intensity at a larger scale have been 
hampered by a lack of consistency in available data (Hutchison et al., 
2015). Understanding where mangroves are important for small-scale 
fishers is of policy relevance to several of the UN Sustainable Develop-
ment Goals, including SDG 14 (Life Below Water), which includes the 
aim of promoting small-scale fishers’ access to “productive resources, 
services and markets”. Therefore effective management of mangrove 
areas with high fishing intensity should be prioritised. 
Furthermore, local mangrove fisheries can support food security and 
help achieve SDG 1 (No Poverty) and SDG 2 (Zero Hunger). Five of the 
ten countries with the most mangrove fishers (Indonesia, Bangladesh, 
Nigeria, Thailand, Philippines) are also considered to be among those 
countries most reliant on fish as a source of protein and most vulnerable 
to malnutrition (Golden et al., 2016). The importance of mangroves for 
small-scale fishers in West Africa should also be noted (Fig. 2d). Many of 
the West and Central African nations were estimated to have more than 
50% of small scale fishers engaged at least part time with fishing in or 
near mangroves, with five (Nigeria, Cameroon, The Gambia, Ivory Coast 
and Ghana) ranked among the most reliant on fish and vulnerable to 
malnutrition (Golden et al., 2016). Our results therefore further 
emphasise the importance of mangroves to people and to global food 
security. 
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Our findings underline the intense levels of human use of mangroves 
for basic provisioning, particularly in areas where coastal populations 
and poverty are high, such as in West and Central Africa, and South and 
Southeast Asia. These findings give further strength to calls for 
mangrove conservation and restoration, and help to highlight countries 
and places where such interventions may be most critical. 
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